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SUMMARY

The results of the ionospheric sounding by ground backscatter carried out at Torre -
chiaruccia :(S.Marinella, Roma), during some severe ionospheric storms from August 1957
to February 1‘961, are briefly discussed. The advantages of the backscatter sounding in
order to study the morphology of an ionospheric storm over a large area are put in' eviden
ce. !

The observed displacement of the perturbed zone may be explained as the result of

the superposition of the D, and -S}) storm components. :

During an ionospheric storm, the echoes from the non disturbed zone show a stronger

intensity and a wider extent than in'normal conditions. '
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1 - Introduction. '

ric ground backscatter sounding to study ionospheric: dnsturbances to tlus purpose, the
results of the b.s. soundiags performed since Augast 1957 in the experimental station of
Torrechiaruccia (S.Marinella; Roma, lac.42.03°N; long. 1 L83°E) of the CENTRO RADIO
ELETTRICO SPERIMENTALE "GUGLIELMO MARCONI* (1), have been examined.

As it is well knowa (2), in the b.s. sounding, pulsed.radio waves, radiated by a di -
rectional antenna, are reflected -from an ionospheric layer towards the ground .at some di-
stance from the transmitting antenna; when the ionization conditions are favourable;owing
to the ground irregularities, some energy is backscattered aad; by running over its own
going path again; it comes back to the antenna and produces the so-called." ionospheric
ground backscattered -echoes®. When multnplymg the velocity ¢ of the hght in vacuo by
the half echo delay, , we obtain the so-called "equlvalent b.s. distance" D', in particular,
when multiplying ¢ by the half minimum echo delay (correspondmg to the leading edge of
the b.s. signal), we have the "minimum equivalent b.s. distance® d'. LI f is.the frequen -
cy of the emitted waves, fo the critical frequency and- 4 the height of the ionospheric re-
flecting zone, the skip distance d corresponding to the frequency f is.a function of d-',
fo and h; the rays.geometry is such.one that ¢ may be determined with a sufficieat accw
racy starting from d;, even if fo and A are not exactly known (3; 4). It is evident thac f
is:the 4- MUF concerning the reflecting ionospheric zone (for istance, the F2-4- MUF) a-
loag the direction to which the antenna is pointed. if che anteana is made continously ro-
tating in an horizontal plane and the receiver ( 'y using the same antenna) is connected:
with a suitable photogtaphic recorder, we obtain the azi muthal distribution of d.

The soundiags carried-out at Torrechiaruccia were performed according to this techni
que; the working frequencies being so high to be reflected by the diurnal F zone. They ha-
ve been systematically effected during ';he LG.Y. (from August 23, 1-957 to January 31.,
1958 on 18.6 Mc/s; from February 1, 1958 to January 31, 1959 on 22.3 Nc/); after the
LG.Y., they were no more performed in a regular way, owing to some particular researches
on the mechanism of the ground:-backscatter. '

The ;regt'll. ar" soundings were performed with a sounder having the following characte
ristics: - i

pulse length: 1000~ 700 microsec.

pulse repetition frequency: 16.6 pulses per sec.:

radio frequency: 18.6 or 22.3 Mc/s. '

r.f. power: 2-4 kW peak of antenna input. !

transmitting- receiving antenna: four- elemeat horiZontal Yagi, with effective half -

power beam of about 60°, rotating at a speed of 2 revolutions per minute. *

recorder: c.r. oscillcscope with a 35 mm camera; rectangular coordinstes presentation;

distance marks every 400 km; direction mark to South (Fig.1). -
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Fig. 1 - Film record of a b.s. sounding on 22.3 Mc/s (January
10, 1961; 1200 L.T.)

Fig. 2 - PPl record of a b.s. sounding on 18.6 Mc/s (April 12, 1961; 1013 L.T.)
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PPI with a 16 mm movie camera; polar coordmates dxsrance marks every 500 km

(Fig.2). ‘ '

As it follows from the- theory (3 4), the b.s. soundmg thh ﬁxed frequency and vana -
ble direction is. mrrmsxcally unable to give, with sufficient accuracy, the value of fo star.
ting from the one of d', if & is:not known. However,. by" comparing the results of the.b. s.
sounding with the ones of the vertical sounding, we observe that the variations of fo and.
k produce parallel variations of d, whic¢h-increases.when fo decreases and A increases

"and decreases when fo ircreases.and b decreases. This method is; therefore, particular:

ly suitable for studying the ionospheric storms, their course being ‘characterized, as it is

_ well known; by opposite variations of the.critical frequency and of the height of the F re-

gion.

2-~-Morpholqu of some .ionospheric starms.observed at Torrechiaruccia trough b.s. soun-
di‘ng‘.‘.‘ f . C

The more disturbed periods were identified by considering the deviation of the values:
of d' iiln"respec_t‘ of the monthly median values; these deviations. were .compared with: the-
qnalogbus:d'eviaj"tiéds:of foF2:observed in some ionosphéric stations and with-the beha -
viour of the ge'omagﬁetic field. Once isolated in such-a way, some of the strongest io -

‘nospheric storms were examined in full particulars.

As. regarde the- morphology of the ionospheric storms; as they appear in the b.g: soun-

~ dings, we must remark that if the. scund;ng frequency f is high:and the ionospheric distur

bance is strong enough; the b.s.-echoes:via F coming from some. particplardiréctions.may'
cease being received (that generally occurs when the skip distance becomes:larger than
3000 km)- This fact is, on one side, irnteresting asto point out the most perturbed- direc-
tions: but, on the other side, it deprives. us.of any quantitative information on the-iono -
spheric conditions in the perturbed area.

da the Fig.3 we- reproduce; as:an example, the ' iénogr'nms“ of some soundings. perfor-

- med at Torrechiaruccia-on 12:th; 13th, 14 th:September 1957, on 18.6.Mc/s. These iono-
" gtams-are a graphical transformation of the original records (Fig.}): the zones; where the -

echoes come from, are indicated-in polar coordinates (equivalent distance in km; geogra -

". phical azimuth), the pole of which'corresponds to the sounding station; the time is: the °

15°E standard time. Whils¢, under normal conditions, the b.s. echoes via F2 come. from
the whole horizon, the value of D' being betweea about 1400a2ad 2000 km, ia some-of the
se-ionograms there are no echoes.on a great deal of the horizon. It is to be remarked that, in

. ecme ionograms, echoes from about 800 km are also visible, these echoes being'due to a

b.d. viaEs.of/and to a direct b.s. frcn auronl ioniZation;
In the Fig.4, we reproduce the behaviour of the. devunm AfoF2 of foF2 fram its. montchly
median value, during the penodfranlzrhwlid:SeptemberarChuchxll c‘m(-mam km
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from Torrechiaruccis in the direction NNW), Til:haya, U:8:3.R. (4500 km NNE) ‘Nurmansk, USSR. '
(3000 km, NNE),Danbes,Belmum(lm ken, NNW) and of the deviation Ad" o 4" fromiits. manthly

_-median value iii-the four cardinal directions from Torrechmmccu, it is:even- reproduced,
" with the usual symbols, the behaviour of the. ‘geomagaetic. planetary three-hour- mnge m -

dex. Kp during those days. We observe that, during’ the night between the 12¢h: and the- l3th.
a magnetic storm arose (S.C. at ooh47™ G.M.T. Y, the. .maximum of the ionospheric storm at
middlelatithd_e‘»occurred -at midday on 13th; a moderate magnetic and ionospheric agita.~
tion:lasted during the day-14th. 4 o
Whilst considerhig'th’e Figs.3 and 4, we notice the fol lowing main facts: -
(a) as it was:to be- expected‘ the storm gave rise to a- general mcrease ot the. eqmva-

. lent b.g. distances;

(b) the thsappearance -of the. echoes from North. and from West during’ the- ‘main’ phese

o of the: distutbance, shows that the stor affected: mainly. the diréction NW. (the. uieoctow
' ,of the- dnsturhance clearly appears in the mcreased duperuon of the' vehe of & ia &e

different du'ecnon),

(c) the disturbance: -appears to. slowly move towards NE. -

B.s. mnograms dunng othe; jonosphetic storms are shown in the Fig.5 (November 26-
27, 1957; 18.6 Nc/s), is the Fig.6 (July'7- 10, 1958; 22.3 Nc/s) and in thie' Fig.7 (Novem-
ber 14-17, 1960;22.3.Nc/s). The Fig.8 shows the ionogfams:on'22:3 Mc/s at 0900h s the
-period between the: 1st and the 12th September 1958, including a magnetic storm with:S.C.
at about 1000 G.M.T. ‘of the day 3rd.and a strcag dxsmrbence on 4th; we must. remark the:

deep chenge of the echoes.pattern from one day to another one.

‘In the Fig.9it is. reptoduced, as to the disturbance of the period of November 26-27,

1957, the behaviour of the: ‘ratio between-actual agd-median values of foF2.at. Dourbes,Bel o

'gium (1300 km, NN') and at Moscow,U.S.S.R. (2200 km, NE), as.well as of the ratio be-
tween median-and-actual values.of d' in the four cardinal directions from Torrechiaruccis,
and of the geomagaetic index Kp. If we .consider this:Figare and similar diagrams:concer:
nisg. ‘ocher jonospheric storms, we-come to.conclusions, which:are similar.to the- above o-
nes coacerning the storm of the period-of September 12- 14, 1957. «

From a- sunple -morphological point of view, we have to remark the following facts:

(i) the zone concerning the maximum idcrease of skip d.ie’ten,cel-d'urixi;f-a'etom lies:ap-
proximately in the directian. of the magaetic North; during the -initisl and the recovery pha -
se, such.a zone: shows a tendency to move; according ‘to. the cases, towards West or : to -
wards East. : .

~ (ii).the- extent .of the zone where :the .b.s. echoes come. .from, has a-tendeacy to increar
se in the directions along which the skip distance-recovers its-normal value. -

What ‘wevpoin'ted' .out ate(i')', may be justified on the gfound of what is known-as:to the:
morphology ‘of the ionospheric storms :at middle latitudes:(5;6).

. Theé zone of the maximum isicrease of the skip d_ie't_edc_edui:ig'a-ttom appears. to be:
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near the direction of the magaetic North, be cause the storm always.develops its main pha
se near the magnetic Pole; the dependence of the course of the storm onthe local time of
the magnetic sudden commencement may explain the apparent displacement between NE
and NV of this zone. :

According to the schema proposed by D. F.. Martyn (6) and today universally accepted,
the variations of foF2, and:also of hiFZ-, during an ionospheric storm:come from the super
position of two disturbance waves, both rising within'a short time from the magneti¢ S.C..:
the storm-time variation (D ¢p Which:is independent of the local time, and the disturbance
day variation (Sp) which depends on the local time. As the Sp variation, at the middle ma
gnetic latitudes, is of the same order of ¥ ¢ Variation. (Fig. I-O), the course of the storm re
markably depends.on the | ocal time of the commencement of the storm itself (Fig.11). Con
sequentey, for a station being located like Torrechiaruccia, the zone of the maximum of

“the disturbance appears to move with a period of about 24 hours, the movement being ap-

proximately towards NW in the a.m. hours, towards NE in the p.m. 'hours.

As to the above mentioned point (ii), the greater intensity and extent of the backscat-
tered echoes.coming from the less perturbeddirections, may be referred to the fact that,
during the disturbance, the structure of the ionosphere is more complex along these direc-
tions, where a rapid transition from disturbed tonormal conditions occurs: the high horizon
tal-gradients of ionizazion may produce ;tilted-layer mode” of b.s. propagation. Such con
ditions are visible, for istance, at 08308 on November 27, 1—957((,53';5), at léOOh'on']ulyi7,
1958 (Fig.6) and .in several ionograms of the Fig.7. -

3 - Concluding remarks. '

The technique of ionospheric observation based onthe ground backscatter sounding’
seems.to be a rather reliable and .a simple means to follow, on a large scale, the evolution
of the ionospieric disturbances and, more generally, of the ionospheric phenomena. :

The interesting modification observed, during an ionospheric¢ storm, in the ionospheric.

zone being ‘out of the one of decreased electron density, requires undoubtedly a further
study. *
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Fig. 11 - Idealized behaviour of AfoF2 during a storm occurring at a
middle magnetic latitude, for various local times of the magnetic S.C.
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